OA 



Europaisches Patentamt 

ropean Patent Office 
Office europlen des brevets 




% Publication number: 0 572 109 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 93302148.7 
@ Date of filing : 22.03.93 



© Int. Cl.«: C07D 493/22, C12P 17/18, 
A61K 31/35 



(53) Priority : 23.03.92 GB 9206244 

@ Date of publication of application : 
01.12.93 Bulletin 93/48 

@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NLPTSE 

(g) Applicant : PHARMA MAR, S.A. 

Call© de la Calera 3, Poligono Industrial de 
Tres Cantos 

E-28760 Tres Cantos, Madrid (ES) 



© Inventor: GravaJos, Doiores Garcia c/o 
Phanma Mar, S.A., 

Calera 3 Poligono Industrial Tres Cantos 

E-28760 Tres Cantos Madrid (ES) 

Inventor: Lake, Robin John 

c/o University of Canterbury Private Bag 4800 

Chrlstchurch 1 (NZ) 

Inventor : Blunt, John WQson 

c/o University of Canterbury Private Bag 4800 

Chrlstchurch 1 (NZ) 

Inventor : Munro, Murray Herbert Gibson 

c/o University of Canterbury Private Bag 4800 

Christchurch 1 (NZ) 

Inventor : Utaudon, Marc Stephana Phllfbert 
c/o University of Canterbury Private Bag 4800 
Christchurch 1 (NZ) 

© Representative : Lamb, John Baxter 

MARKS & CLERK 57-60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



(g) Halichondrins: Cytotoxic polyother macrolides. 

(57) Halichondrin derivatives, isoiatable from a marine sponge of the Lissodendyx Sp., have cytotoxic 
preparations and are of the formula :- 




Jouve, 18, rue Saint-Denis, 75001 PARIS 




2 



EP 0 572 109 A1 



This invention is concerned with halichondrins isolatable from a marine sponge of Lissodendrvx Sp. 
Certain halichondrins, as hereinafter more particularly described, have been Isolated from a marine 
sponge of Lissodendrvx Sp. and have been found to have cytotoxic activity, as evidenced by in vitro tests. 
Accordingly, the invention provides halichondrin derivatives of the formula: 
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in which R 1 and R 2 together form a bi- or tricyclic oxygen-containing fused ring system substituted with a hy- 
droxylated alkyl chain and having the formula:- 
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The compounds of the invention, as noted above, possess cytotoxic activity and the invention further pro- 
vides pharmaceutical compositions containing the above compounds, together with a pharmaceutical carrier , 
45 or diluent The invention also provides a method for the preparation of a cytotoxic compound using, as active 
ingredients, a compound as defined above. Finally, invention provides a cytotoxic method using the com- 
pounds of the invention. 

The compounds of the Invention have been Isolated from a sponge of the Llssondendryx genus which oc- 
curs in moderate depths on the shelf off the Kaikoura Peninsula (e.g. at the position 42° 26.20'S; 173°44.30*E). 
50 In this district it is a sponge of moderate abundance and is found at a depth of approximately 100m. 

Lissondendoryx n.sp. 1 Is a Myxlllid sponge represented by original collection specimen U228-10, housed 
within the University of Canterbury, New Zealand, Chemistry Department Collection. The sponge is massive 
in life forming amorphous mounds up to 50cm diameter. The surface is lumpy and slightly translucent The 
sponge is yellow externally and internally, and exudes mucus on exposure to air. Microscleres are slgmas and 
55 arcuate isocheiae. Megascleres are acanthostyles and tylotes of one class only. The sponge is found closely 
associated with a Forcepia sp. 

The halichondrins were isolated from the sponge in accordance with the general method shown in the 
accompanying drawings as described more fully. 
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Extraction and Partitions 

The extraction was carried out with about 4 1/kg of 10 to 20% H£ in MeOH and 4 1/kg of CH2CL2 in order 
5 to get, once the combined extracts were evaporated, about 0.5 to 0.8 litre of an aqueous solution. The use of 
the minimum amount of methanol eases the first partition. 

The first partition gives better results with EtOAc than with CH 2 CI 2 (emulsion less of a problem). 
The second partition gives better results with hexane or heptane than pet-ether. 

During the evaporation of the aqueous methanol, using a rotavopor, some problems occur (bubbles) when the 
10 proportion of methanol is around 10%. In order to avoid this problem, It Is useful to evaporate small volumes 
of solvent in large round bottom flasks (200 ml in a 1000 mi flask for example) and it is useful to add some 
dichloromethane at this stage to make an azetrope with the methanol and finally to spin the flask faster to 
collapse the bubbles. 

The ICso (consequently the number of units) found in the fractions coming from these steps may be consider- 
15 ably affected by the salts or the fats. 

Purification fay chromatography 

C18 

20 

The crude extract (usually several grammes to several ten grammes) is put In methanol solution the day 
before the C18 chromatography, then an identical volume of distilled water is added before loading the solution 
onto the column (in order to get a 1/1 H 2 /MeOH solution). The solution may also be adsorbed on celite and 
evaporated to give a powder or a slurry to load onto the column. 
25 10 to 20 g of C18 material/g of extract are sufficient A gradient of MeOH/water to MeOH/CH 2 a 2 (1/1) Is used 
for elution. About 25 ml of solvent/g of crude extracts are used for 50, 40 and 30% of water in methanol, about 
50 ml/g for 20 and 1 0% and 20 to 40 ml/g for MeOH 1 00% and MeOH/CH 2 CI 2 (1 /1 ). 

Sephadex LH20 

30 

The permeation gel Is put in CH 2 CI 2 solution. About 200 to 250g of Sephadex Is used (total volume of 800 
ml) for each column (dim 4.5 x 50 cm), 200 to 800 mg of extract may be loaded onto the column. The less polar 
halichondrins (LP1 , LP2, LP3 and isohomohalichondrin B) came through first associated with a very polar ma- 
terial (probably large polymers which form a film In the vial during the drying), then the polar halichondrins 
35 (Hb, HoB, minor 1 and minor 2) are eluted with some fatty acids and a few sterols. Once the column is finished 
(only 4 or 5 x 100ml fractions are sufficient to collect the halichondrins), the Sephadex LH20 is washed using 
MeOH/CH 2 CI 2 1/1 (100 ml) to remove all the undeslred compounds, this may be achieved using a sintered 
funnel. 

40 Silica 

A supplementary step on a silica column may be used before the final purification on HPLC. About 30 times 
the mass of extract must be used for the silica (0 1.6 x 115 cm « 30 cm 3 davisil 35-70u.for a 50-100 mg weight 
extract). A gradient from 0 to 5% of MeOH in CH 2 CI 2 is used to purify the less polar halichondrins and from 2 
45 to 15% for the polar halichondrins. This supplementary step is particularly useful when some fatty acids or 
sterols are contained in the fraction. (No further purification was necessary to get LP1 after this step). 

HPLC, C19 Preparative Column 

50 UV detection at wavelength 200nm, the attenuations usually used are 0.64 or 1.28, or 2.56 if the amount 

of each halichondrin Is around 1 to 2 mg/injection. 
Characteristic of the column 

-column + pre column, 25 + 5 cm L x 21.4 mm ID, 8 n 60 A particies. 

The mobile phase is chosen with respect to the polarity of the compounds. A mixture of 55% ACN in H 2 0 used 
55 for the polar halichondrins (flow rate of 5 ml/min) gives retention times of 1 7, 22, 23 26 and 40 min for minor 
2, minor 1, halichondrin B, homohalichondrin B and isohomohalichondrin B respectively. A mixture of 80% ACN 
In H 2 0 used for the less polar compounds gives retention times of 24, 34, 40 and 50 min for isohomohalichondrin 
B, 1p3, 1p2 and 1p1 respectively. 

Not more than 10 mg (400 d loop) is injected in one time. To avoid the conversion of the less polar (LP1 
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or 3) compounds in isohomohalichondrin B, the sample is dissolved in acetonitrile before the injection rather 
than methanol. A simple filtration of the sample on cottonwool is sufficient before the Injection. In order to get 
more of minor compounds, the collection of the fractions is carried out as follows: 
5 -for the polar compounds, every 3 or 4 minutes from the solvent peak to the 1st main compound (which is ha- 
lichondrln B, minor 1 can also be collected separately) and one fraction will be recovered between homohaJi- 
chondrin B and isohomohalichondrin B. 

-for the less polar compounds every 4 or 5 minutes between isohomohalichondrin B and 1 p1. Then, when sev- 
eral injections would have been done, the fractions, which present the same retention times, will be combined 
10 and reinjected, using the same mobile phase but a smaller attenuation (of the UV detector), in order to detect 
smaller peaks. 

24.5 kg of the original 47 kg has been processed with the Isolation of 52.8, 53.5 and 65.6 mg (yield of 5.06 
x 10-*%, 5.22 x 10-5% and 6.31 x of wet sponge) of hallchondrln B, homochallchondrin B and isohomo- 
halichondrin B respectively. Minor compounds have been isolated and the structure of six of them have been 
15 established. 

The structures of the compounds have been established on the basis of different NMR techniques: 1 H 
IMMR. 13 C NMR, 'H- 1 H cosy, 1 D and 2D TOCSY, HMQC and HMBG, measured on a 300 MHz (except for iso- 
homohalichondrin B, some NMR experiments have been done on a 500 MHz) in CDCiyPyridine 0.1%, CDCI 3 
and CD3OD. All the compounds investigated so far belong to the B series characterised by the absence of 
20 hydroxy! groups in position 12 and 13, according to the nomenclature adopted by Uemura. The differences 
between compounds take place at the terminal part of the molecule (from position 44), the remaining part being 
unchanged 

ISOHOMOHALICHONDRIN B (ML1 43.3) 

25 

Isohomohalichondrin B was obtained as a white amorphous powder; no UV maximum above 210 nm; IR 
(NaCI pellet) 3450, 1732, 1695 (sh), 1648 cm- 1 indicated the presence of hydroxy! s, a lactone larger than a 
f ive-membered ring as for the previously reported norhallchondrin A, an aliphatic ketone and exomethylenes. 
The mass spectrometry show MNa + and MK* at m/z 1145 and 1161 respectively leading to the molecular weight 

30 of 1122. The HRFABMS observed is at m/z 1161.5395 (MK+, calc: 1161.53999; error -0.4 ppm) corresponding 
to an elemental composition of C 61 HseO ig requiring 19 sites of unsaturatlon as for homohalichondrin B. 

The structure was established mainly on the basis of 1 H- 1 H cosy spectra measured on a 300 MHz instru- 
ment in two different solvents: CD 3 OD and CDCfe/pyridine-ds 0.1% and on 500 MHz instrument in 
CDCVpyridine-d 5 0.1 % only. Proton connectivities from C1 to C46 were identical with those of halichondrin B 

35 or homohalichondrin B. Otherwise, three spin systems (see table 1 below) are novel in that they have no ob- 
vious equivalent in the spectra of any of the halichondrin "B" type molecules. 



Table 1 



40 






1 H chemical shift (CDCI 3( In ppm; J In Hz) 


COSY correlation 






H47 


3.27 






1 


H48 


3.75 m 


1.84, 2.13 


45 




H49 


2.13 m 


1.84, 3.52, 3.75 






H49' 


1.84 m 


2.13, 3.52. 3.75 






H50 


3.52 m 


1.84, 2.13 


50 


2 


H51 


3.82 m (8.3, 5.2) 


2.62. 2.93 






H52 


2.93 dd (15.7, 8.3) 


2.62, 3.82 






H52' 


2.62 dd (15.7. 5.2) 


2.93, 3.82 


55 


3 


H54 


2.74 dt (6.2, <1) 


3.86 






H55 


3.85 t (6.2) 


2.74 



Moreover, the signals assigned from H47 to H51 are comparable with those observed in nor halichondrin 
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A and the chemical shift for the proton on C52 and C54 suggested that these protons are adjacent to a carbonyi 
carbon (see table 1 H NMR). 

5 



10 



15 




Sixty one carbons were observed in the 13 C NMRspectrum of Isohomohalichondrin B.AHMQC experiment 
confirmed the presence of 4 methines (CH bearing an O) and 4 methylenes for the left hand* side chain end 
(from C47 to C55). A HMBC experiment measured on the 500 MHz supported the sequence C52 to C55 by 
the observation of long range correlations between the three methylenes 52, 54 and 55 and the carbon at 
25 209.5 ppm as shown figure 1. Stereochemistry of isohomohalichondrin B was also supported by a NOESY 
experiment (figure 2), this showed that carbon 47 and 48 v 50 and 51 were all cis (chair conformation), subse- 
quently the hydroxyl group on CS0 and the side chain are below the plane. 




A probable hydrogen bond between the carbonyi 53 and the hydroxyl beared by the carbon 50 explain 
45 the difference of the chemical shift of the two protons of the methylene 52 and also of the methylene 54 which 
appearasaquadruplet(doubletoftripletonthe300MHz). In fact this quadruplet is a part of a more complicated 
system observed by modeling. 

The measurement of the relaxation time of the CH 2 54 and 55 give twice In average the t1 values of the other 
protons, this could be due to a larger motion of the end side chain of the compound. 
so (Finally it has been observed, based on the *H NMR spectra of several samples (in CDCt 3 ), that isohomo- 

halichondrin B may exist in two different conformations In solution. The sharp triplet at 8 3.84 ppm, for some 
unclear reasons, disappear to give a broad signal, the triplet at 6 2.74 ppm being unchanged). 

Chemical transformation 

55 

It is interesting to note that this compound, if left in a NMR tube in methanol for a few weeks, transforms 
in another compound with an acetal carbon as Ip1 or Ip3 (see less polar halichondrins) or a hemiacetal carbon 
(in position 53), compound especially characterised by the shift of H47 from 3.27 to 3.13 ppm (in CD 3 OD) and 
the disappearance of the three methylenes 52, 54 and 55. This observation has been done by R.Lake and 
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partially reproduced (two third of the sample, exposed to day light at room temperature, was transformed after 
12 weeks). Several nOe experiments have been performed, In CD 3 OD, in order to prove the transformation. 
The irradiation of the new signal at 8 3.13 ppm (H47) led to the enhancement of two protons at 5 3.62 and 
4.00 ppm and vice versa, which compared with those of homohallchondrin B f are likely to be H48 and H51 
involved in a 6-membered ring attached to a terminal 5-membered ring. Furthermore the Irradiation of H51 at 
d 4.00 ppm led to the enhancement of protons at 5 3.90 and 2.20 ppm (H50 and CH^ respectively). A HMQC 
experiment has been performed and, according to the chemical shifts of the carbon given by Uemura for hom- 
ohalichondrin A, agree fully with a "homotype halichondrin" structure (see table 2 below). 



Table 2' Chemical shifts (in ppm) of the methines (and the methylenes 52 and 
55) of the terminal moiety of: 





New compound 


Homohalichondrin A 


Lpl 




(CD 3 OD) 


(CD 3 OD) 


(CDC1 3 ) 


C47 


75.2 


74.5 


74.2 


C48 


64.9 


65.2 


63.3 


C50 


74.8* 


75.4 


73.0 


C51 


79.0 ; 


78.4 


77.7 


C52 


45.5 




45.3 


C55 


59.5 


65.1 


58.3 



* overlapping with other carbon 



Finally a thin layer chromatography has been realised in order to compare the polarity of the different com- 
pounds (silica, eluent methanol 5% in dichloromethane). This one show clearly two spots for the sample con- 
taining isohomohalichondrin B and the transformed compound; this last one, having the same rf as Ip1, is likely 
to be Ip1. 

LESS POLAR HAUCHONDRINS 

These compounds are, based on their retention times on a HPLC preparative C-18 column, less polar than 
isohomohalichondrin B. They all have only one hydroxy! group. 

LP1. ML1 154.8 and ML1 173.13 

Lp1 is the less polar compound ever isolated of the halichondrin family. Around 12 mg of this compound 
have been isolated from a silica column and around 3 mg have been isolated from the final HPLC step, it is 
quite unstable and give isohomohalichondrin B by chemical transformation. This transformation can occur dur- 
ing the process of purification or on the mass spectrometry matrice or In the NMR tube within 4 or 5 days. The 
low-resolution FABMS spectrum (NOBA + KCL) show two main peaks at m/z 1175.4 (MK*) and 1159.5 (MNa*) 
and lead to the mass of 1136. High resolution FABMS of the most abundant peak after transformation is 
1297.57984 (mass + NOBA + K - OCH 3 , calculated for C68H92N021K. 1297.5755 ppm). On this basis the 
molecular formula is C62H8801 9. 

The main differences with the precedent compound on the *H NMR are the absence of the two triplets at 
8 2.71 and 3.86 ppm, CH 2 54 and 55 respectively but the presence of two broad doublets at 6 3.1 and 3.96 ppm 
(1 H each, H47 and H 51 respectively) and a sharp singlet at 6 3.23 ppm (3H, CH 3 0 53). The chemical shift of 
H47 is very specific as its position distinguishes the 3 main types of halichondrin. In the "nor" series, H47 is 
at 8 3.35 ppm while in the "halichondrin" series it is at 8 3.56 ppm. In our case, 3.1 ppm is in favor of a "hom- 
ohalichondrin type" molecule ending with a five-membered ring attached to a six-menbered ring. 

HMQC and 13 C NMR, realised before and after the transformation, have been the turning point to find out 
the structure. The ketal carbon 53 at 8 109.3 ppm disappear to give the ketone at 8 209.5 ppm. The two me- 
thylenes 52 and 54 were at 8 45.2 and 35.5 ppm respectively before the transformation, chemical shifts com- 
parable with those of C13 and C15 (48.3 and 34.4 ppm respectively) which are involved in a similar manner 
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regarding a ketal carbon. 

All these data allowed to propose the following structure (figure below). The 1 H NMR and 13 C NMR tables 
are given at the end of the report. 

5 



10 



15 




20 

Several nOe experiments have been performed on Ip1 and agree with the proposed chair conformation 
for the terminal rings (from C44); this has been observed for isohomohalichondrin B where H 47, 48, 50 and 
51 are all fn a cis position. The irradiation of H 47 led of the enhancement of the 4 signals H 46, CH 3 46, H 48 

25 and H 51 whereas irradiation of the signal at 6 3.96 ppm (H 51) led to the enhancement of only 2 signals at 5 
2.24 and 3.08 ppm (CH 3 52 and H47 respectively). Finally, the irradiation of H50 (at S 3.88 ppm) led to the en- 
hancement of signals at 5 3.96 ppm (H51), 2.20 ppm (H49) and of the methoxyi at 8 3.23 ppm, allowing us to 
determine the relative configuration of the carbon 53 (S). The irradiation of the methoxyi, which give enhance- 
ments of H50 and 52, confirm the proposed configuration. 

30 The acetal hydrolysis and consequently the formation of the ketone could be explained by loss of the me- 
thoxyi, after attack of a base B", leading to a carbocation and opening of the ring according to the subsequent 
scheme. The same reaction occur also on Ip3. The reverse reaction, although much slower, has been realised 
on a sample of isohomohalichondrin B in methanol. 



40 




CONCLUDING REMARKS 

45 

The problem is now to determine which compound is the natural compound. It has been observed that 
the transformation of Ip1 (or Ip3) in isohomohalichondrin B is relatively fast wheareas the reverse reaction is 
much slower., this Implying a much more stability of isohomohalichondrin B. However the existence of Ip3 will 
tend to prove that the reverse reaction (iso B — > Ip1 + Ip3) occur during the process of extraction or purification, 
so depending of the conditions. The probable hypothesis to explain these observations is to consider a relatively 
unstable compound with an acetal or a hemiacetaf carbon in position 53 at the origine of the formation of iso- 
homohalichondrin B, which would give back, in slight amount, Ip1 and Ip3, The discovery of a compound with 
a hemiacetal carbon in position 53 has not been proved yet although some other minor compounds have been 
found. 

55 

LP2; ML1 200.5 

Only 0.7 mg of this compound have been isolated. The HRPABMS observed is at m/z 1137.6018 (MH*. 
calc: 1137.5998; error 1.8 ppm) corresponding to an elemental composition of C^H^Ou. On examination of 
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the proton NMR spectrum of this compound, it has been found that it is very similar to the one of isohomoha- 
lichondrin B but the presence of a sharp singlet at S 3.34 ppm (3 protons) and the shift of the triplet from 3.85 
ppm to 3.62 ppm are in favor of a methoxyl attached to the methylene 55 Instead of an hydroxyt in the case 
s of isohomohalichandrin B. However nOe enhancements are observed, after irradiation of the methylene in pos- 
ition 55, of the terminal methoxyl and of both methylenes 52 and 54, which support the proposed sequence 
and Implicate a probable hydrogen bond between the carbonyl and the hydroxyl In position 50 as shown figure 
below. 

10 Terminal part of LP2 



A 2D TOCSY experiment has been performed and the data are fully in agreement with the proposed struc- 
ture, especially correlations between the two methylenes 54 and 55, the two protons of methylene 52 and 
correlations involved in the spin system from H47 to H50 are well resolved. 

25 LP3 (ISOMER OF LP1); ML1 173.11 

Only 1 .5 mg of this compound have been isolated. As Ip1 , this compound is very unstable and transforms 
very quickly to give isohomohalichondrin B. Isohomohalichondrim B has been identified after examination of 
the 1 H NMR in CDCI 3f especially characterised with the two sharp triplets at d 2.74 and 3.85 ppm (CH 2 54 and 
30 55 respectively). The 'H NMR of Ip3, except a different chemical shift for the methoxyl on C 53 at 5 3.40 ppm 
and possibly of the proton H51 at 6 3.91 ppm (3.23 ppm and 3.96 ppm respectively in fp1), does not display 
any difference with the spectrum of Ip1 . These data imply the configuration R for the carbon 53; consequently 
Ip 3 would be the enantiomer of Ip1 . 

35 OTHER LESS POLAR HALICHONDRINS 

Two, may be three, other less polar compounds have been isolated. The 1 H NMR of the fraction ML1 173.7. 
which eluted from C1 8 just after isohomohalichondrin B (the chromatogram displays 2 peaks), show one signal 
at 8 3.08 ppm as Ip1 (probably H47) but no methoxyl. Furthermore the methyl region looks like more homo- 
40 halichondrin B than isohomohalichondrin B, which is in favor of a ■homotype* halichondrin with, possibly, a 
hydroxyl in position 53. 

The 'H NMR of the fraction ML1 173.8 (which contain Ip1 t iso B and 2 other compounds based on the chro- 
matogram) show 2 signals around 3.1 ppm indicating that one of these signals belong to a compound different 
from Ip1 (3.09 ppm being probably H47 of Ip1). A similar signal, at 6 3.11 ppm, is found again in the NMR spec- 
45 trum of the samples ML1 196.7 and RT1 158.8, which do not dysplay any methoxyl. 

POLAR HALICHONDRINS 

These compounds aremore polar than halichondrin B, having shorter retention times on a HPLC prepara- 
50 tive C-18 column,. Two minor compounds have been isolated so far (minor 1 and 2), both are fully described 
although some uncertainties remains. 

MINOR 1, ML1 138.2 

55 This compound has similar polarity : to halichondrin B (the chromatogram displays usually a very small peak 

before halichondrin B); aroud 7 mg have been purified and isolated. The HRFABMS observed is at m/z 
1163.5553 (MK + . calc: 1163.5550; error - 0.3 ppm) corresponding to an elemental composition of CeiH M 0 19 
(one more CH2 compared to halichondrin B). 

The carefull examination of the HMQC spectrum point out the similarity with the one of halichondrin B ex- 
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Table 3 , chemical shifts in ppm, 1 H and 13 C NMR in 



5 




CDCI3 








najtcnononn 0 


Minor i 




t/n47 


OU.Z/3.01 


7fl O/l CO 

79.3/3.52 


10 


C/H4B 


71.7/4.05 


71.6/4.05 




C/H^ 


35.9/1.90,2.32 


32/1.95,2.10 




C/H50 


79.0/4.08 


80.9/4.05 


15 


C/H51 


73.0/3.80 


72.7/3.85 




C/H53 


70.4/4.02 






C/H 2 54 i 


66.9/3.54,3.61 




20 


C/H54 




72.3/3.70 




C/H 2 55 




66.8/3.45.3.63 



Except these differences, all the other correlations are identical to halichondrin B. The 13 C NMR spectrum 

25 shows 61 carbons and again is very close to halichondrin B, except an extra carbon supposed to be a CH 2 
and having a chemical shift of 31.1 ppm. 

These data are in favor of a terminal 5-membered ring as it has been observed in halichondrin B following 
by a side chain which would contain one more CH 2 . As the cosy spectrum shows a correlation between 3.45 
and 3.70 ppm (H55 and H54 respectively), we can assume that the side chain ends by -CHOH-CH 2 OH. Three 

30 different possibilities remain regarding the position of the extra methylene. The examination of cross sections 
from 2D TOCSY spectra, realised with 2 different mixing times, removed the ambiguity. Taking the trace at 6 
3.70 ppm (which is assigned unambiguously to H 54), from the "20 ms 2DTOCSY", three correlations were 
seen at 6 3.45 (triplet) and 3.63 ppm (CH 2 55) and at 6 1.6 ppm (broad signal, CH 2 53). Taking the same trace 
from the "100 ms 2D TOCSY", supplementary correlations were observed at 5 1.4 ppm (broad signal, CH 2 52) 

35 and at d 3.85 ppm (doublet CH 51) and indicated that these two signals were placed further from the original 
one. Finally from the trace at 8 4.05 ppm (CH 50) a correlation was observed at 6 3.85 ppm (doublet, CH 51) 
while correlations at 5 1.4 and 1.6 ppm were very weak, which supported the following sequence -CHO (60) - 
CHOH (5ir CH 2{52) -. A large coupling constant (doublet, J = 11.1 Hz) of the signal at 6 3.85 ppm is in agreement 
with this proposition (otherwise, if this methine was placed between the two methylenes, we would have ex- 

40 . pected a triplet). A HMBC experiment (JNXH = 4.5 Hz) has been performed but failed to confirm or infirm the 
proposed side chain. 

The proposed terminal moiety is shown below. 



45 



50 




^ Minor 1 

(In order to determine the chiralite of the methine carbons some nOe differences spectra will be run). 

55 

MINOR 2, MU 200.4 

This compound is the more polar isolated so far. Only 0.9 mg has been isolated. Alow resolution FAB mass 
spectrometry has been realised and gave two peaks at m/z 1097 and 1135 (MH* and MK* respectively). The 



11 



EP 0 572 109 A1 



HRFABMS observed is at m/z 1 097.5690 (MH*. calc: 1097.5685 error 0.4 ppm) corresponding to an elemental 
composition of C w H M 0 19 . 

The 1 H NMR spectnun shows some very unusual features compared to hailchondrin B or minor 1. In the 
methyi region, only three doublets are present around 1 ppm, a fourth methyl appears to be a singlet at 6 1.35 
ppm Indicating the probable presence of an oxygene bearing carbon instead of the usually seen methlne on 
a position. Two doublets (at 5 2.86 ppm, J ■ 11.2 Hz and S 3.73 ppm, J = 4.9 Hz) seems also characteristic of 
this compound. 

The carefull examination of a 2D TOCSY (run with a 1 00 ms mixing time) and a HMQC experiment allowed 
us to find out the main part of the compound, unchanged until carbon 44 compared to the hailchondrin skeleton 
(except a small shift for H 40 at 6 4.18 ppm usually 4.0 ppm). However the HMQC experiment show six new 
carbons in the "carbon bearing oxygen" region and four (including the new methyl) In the methylene region. 
Among these, one methylene is particularly deshielded (at 5 54.2 ppm) considering the chemical shift of the 
2 protons (1.86 and 2.11 ppm), suggesting that ft is close to a ketal carbon with a supplementary b effect of 
an oxygen atom; the 2 protons Involved In the second methylene (at 6 37 ppm) have a very different chemical 
shift (1.52 and 2.86 ppm). the proton at 5 2.86 ppm could be located close to an oxygen atom. According to 
the chemical shifts of protons and carbons (and compared with those of halichondrin B and minor 1) and based 
on the results obtained from the 2D TOCSY experiment we can proposed the following fragment HOCH r 
C^jHOH-CHOH-CHa-C^HOCHO-CHa-. In addition we assume that the methlne 49 belong to a 5-membered 
ring (according to the chemical shift of C49 at 81 .7 ppm almost identical to the one of halichondrin B or minor 
1). 

A HMBC experiment has been performed (JNXH = 6 Hz) and give the very usefull following informations. 
Firstly correlations between the methyl at 5 1.35 ppm and 3 carbons at 6 36.8, 52.4 and 80.2 ppm (C 47, 45 
and 46 respectively) secondly 2 supplementary correlations with the carbon at 5 80.2 ppm and protons at 8 
4.28 (H 48) and 1.88 (H49) ppm. These correlations are shown below. 



NOe experiments (shown above) have been carried out and are in full agreement with a terminal moiety 
constituted with a 5-membered ring attached to a 6-membered ring (H48 and H49 are in cis position and imply 
a boat conformation for the 6-membered ring). The enhancements are particulary strong between H48 and 
both protons of the CH 2 47 and, H48 and H49 whereas between one proton of the methylene 47 (at 5 15 ppm) 
and H49 is less intense. 

This unusual arrangement tends to draw nearer one proton of the CH 2 47 and the oxygen atom beared by car- 
bon 44 and this could explain the very deshielded value (at 6 2.86 ppm). 

All the precedent informations allow us to propose the following structure for minor 2. 




HMBC correlation* 



nOc correlations 
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OTHER HALICHONDRINS 
NORHALICHONDRIN B, ML1 201.4 

Only 0.6 mg of this compound has been isolated. The polarity of this compound is not clear, although it 
seems a little bit more polar than isohomohalichondrin B based on a silica tic. The HRFABMS observed is at 
m/z 1095.5574 (MH + , calc: 1095.5529; error 4.1 ppm) corresponding to an elemental composition of C 69 H M 0 19 . 

*H NMR, HMQC. 2D TOCSY and nOe experiments have been performed on this sample. All these ex- 
periments allow us to determine the terminal part of the molecule conclusively. This one is constituted with a 
6-membered ring, as isohomohalichondrin B, with a CH r COOH terminal attached on position 51 (the methy- 
lene 52 is at 5 2.60/2.B9 ppm). The chemical shifts of the protons belonging to this last ring present some very 
small differences with jso B: H47, 48, 50. 51 and CH^ have a 5 at 3.37, 3.81, 3.60, 3.80 and 1.87/2.18 ppm 
respectively (3.25. 3.75, 3.52, 3.82 and 1.84A2.13 ppm in isohomohalichondrin B). It is interesting to note that 
the 2 protons of the methylene 52 are non equivalent, probably due to a hydrogen bond between the hydroxyl 
in position 50 and the CO of the carboxylic acid. This non equivalence disappears when methanol is used as 
the solvant (CH 2 52 at 6 2.47 ppm, see Uemura's article). NOe experiments support the proposed terminal 
part; enhancement of H47 after irradiation of H51 + H48 and vice versa, enhancement of H51 and H52' after 
irradiation of H52 at 5 2.61 ppm, enhancement H51 and H49 after irradiation of H50. 

An IR spectrum has been performed and has indicated the presence of hydroxyls (3470 crrH), a lactone 
larger than 5-membered ring (1735 crrr 1 and a carboxyl (shoulder on the previous one around 1700 cnr 1 ). The 
terminal part of norhalichondrin B is shown figure below. 

Terminal part of norhalichondrin B 




ML1 206.5 and 206.6 (0.5 and 0.6 mg respectively) 

These samples, which are the result of the collect of fractions coming from after homohalichondrin B and 
before isohomohalichondrin B on HPLC, contains new compounds. We can observed on the 'H NMR of the 
first one an unusual proton at 5 5.75 ppm, which could be attached to an acetal or a hemiacetal carbon (see 
ref Joe 1990, 55, 863-870). Two new protons at 8 5.9 and 6.4 ppm appeared on the NMR of the second 
sample; one is probably attached to an acetal carbon as we can obseved a methoxyl at 5 3.42 ppm. 
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RT1 158.2 and 158.6 

The first sample contains probably some polar halichondrins (more polar than minor 2), the second one 
contains some intennediate polar halichondrins (between homohalichondrin B and isohomohalichondrin B). 

BIOLOGICAL STUDIES 

Most of the compounds have been submitted to the antitumor P388 bioassay. The activities against P388 
cell line are reported below. 



compouna ana reference 


IC50 (ng/ml) 


cone 


Lri, ML1 154.0 


<0.097 


0.001 




0.1 


0.00001 




0.13 


0.0001 


LP1, ML1 173.13 


<0.09 


0.001 




0.05 


0.0001 


Iso B, JH1 59.1 


0.18 


0.001 




<0.97 


0.01 


HaliB, ML1 134.4 


0.78 


0.0001 




1.58 


0.001 


ML1 134.4, other day 


<0.09 


0.001 


MinoM, ML1 138.2 


0.79 


0.001 




1.9 


0.01 


Minor2, ML1 200.4 


<0.9 


0.01 




0.4 


0.001 


LP2, ML1 200.5 


10.0 


0.001 



The results of (he antitumor P388 bioassay point out the high efficiency of most of the compounds be- 
longing to the B series. 

Isohomohalichondrin B exhibited a strong cytotoxic activity against the murine leukaemia ceil (P388 cell 
line), exceeding that for halichondrin B and homohalichondirn B (IC50: 0.8, 6.7 and 6.4 ng/ml respectively). 



IC50 (ng/ml) 





P388 


A-549 


HT-20 


Isohomohalichondrin B 


0.8 


1.1 


1.4 
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(300 MHz in CDQ3.fi in ppcn). 



n° PROTON LP1 



Isohomo 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



HI 

H2 

H3 

H4 

H4 

H5 

H5 

H6 

H7 

H8 

H9 

H10 

Hll 

H12 

H13 

H13 

H15 

H15 

H16 

H16 

HI7 

HJ8 

H18 

C19-CH2 
C19-CH2 
H20 
H21 

H21 
H22 
H22 
H23 
H24 
H24 
H25 

C25-CH3 

C26-CH2 

C26-CH2 

H27 

H28 

H28 

H29 

H30 

H31 

C31-CH3 

H32 

H33 



2.35 

2.59 

3.87 

1.72 

1.37 

1.39 

2.10 

4.32 

2.94 

4.32 

4.04 

4.19 

4.58 

4.69 

1.96 

2.15 

2.18* 

1.62" 

2.16* 

1.42* 

4.09 

2.26 

2.80 

4.99 

4.91 

4.37 

1.42 

1.90 

1.61 

1.61 

3.54 

1.05 

1.69 

2.22 

1.07 

4.80 

4.75 

3.52 

2.00 

1.92 

4.19 

4.65 

103 

0.99 

3.18 

3.79 



2.36 

2.61 

3.89 

1.75 

1.38 

1.41 

2.12 

4.35 

2.95 

4.33. 

4.06 

4.22 

4.60 

4.70 

1.95 

2.16 

2.18* 

1.62* 

2.16* 

1.42* 

4.10 

2.27 

2.80 

5.01 

4.93 

4.39 

1.42 

1.90 

1.62 

1.62 

3.55 

1.03 

1.72 

2.23 

1.07 

4.83 

4.78 

3.56 

2.01 

1.95 

4.22 

4.66 

2.03 

1.00 

3.20 

3.84 
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(following) TABLE 1. 1h NMR DATA OF LP! fMU 154 8^ ANn 
ISOHOMOHALICHONDRIN B (MLl 413) . 
(300 MHz in CDQ3. 5 in ppm). 



10 



15 



20 



25 



30 



35 



40 



n° PROTON 

H34 
H34 
H35 
H36 
H37 
H37 
H39 
H39 
H40 
H41 
H42 

C42-CH3 

H43 

H43 

H4S 

H45 

H46 

C46-CH3 

H47 

H48 

H49 

H49 

HSO 

H51 

H52 

H52 

C52-OCH3 

H54 

H54 

H55 

H55 



* Assignment* are tentative 



f PI 

Li* 1 


l50h( 


1. /5 


1.81 


x.14 


2.16 


*.ll 


A f A 

4.12 


All 
4.11 


4.12 


2.33 


2.37 


1.90 


1.92 


2.20 


2.22 


2.20 


2.22 


3.88 


3.94 


3.38 


' * £ A 

3.64 


2.26 


2.29 


O .3 J 




1 ^ * 

1.6 J* 


1.55* 


1.35* 


1.33* 


1.72* 


i in* 

1.49* 


1.40* 


1.52* 




2. IB 


0.91 


0.90 


3.08 


3.25 


3.59 


3.75 


2.24 


2.13 


1.96 


1.84 


3.87 


3.52 


3.96 


3.82 


2.24 


193 


124 


162 


3.23 




1.12* 


2.74 


2.30* 


174 


3.79 


3.86 


3.68 


3.86 



45 



50 



55 
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TABLE 2. 13C NMR DATA OF LP1 (ML1 154 8^ 
AND ISOHOMOHALICHONDRJN B ; (M L l «J) 
C75 MHz in CDCI3, 5 in ppm). 

n° CARBON LP1 Isohom<J 



CI 


171.2 


171.1 


C2 


40.4 


40.4 


C3 


73.7 


73.6 


C4 


30.7 


30.6 


C5 


30.0 


30.0 


C6 


68.2 


68.2 


C7 


77.7 


77.6 


C8 


74.3 


74.3 


C9 


73.8 


73.8 


CIO 


76.5 


76.5 


Cll 


82.1 


82.1 


CI2 


81.1 


81.0 


C13 


4S.3 


48.3 


C14 


110.1 


110.0 


C15 


34.4 


34.4 


C16 


28.1 


28.1 


C17 


75.4' 


75.3 


C18 


38.7 


38.7 


C19 


151.6 


151.7 


C19=CH2 


104.5 


104.4 


C20 


75.3 


75.3 


C21 


29.4 


29.3 


C22 


32.0 


32.0 


C23 


74.8 


74.8 


C24 


43.4 


43.3 


C23 


35.9 


35.9 


C25-CH3 


18.0 


18.0 


C26 


151.7 


151.5 


C26-CH2 


104.2 


104.1 


C27 


73.5 


73.5 


C28 


36.9 


36.9 




71.2 


71.1 


C30 


77.2 


77.2 


C31 


36.5 


36.5 


C31-CH3 


15.0 


15.0 


C32 


77.5 


77.5 


C33 


66.4 


66.4 


C34 


29.0 


29.0 


C35 


75.0 


75.1 


C36 


76.3 


76.2 


C37 


43.4 


43.3 


C38 


112.4 


112.4 


C39 


42.6 


42.5 


C40 


70.9 


71.2 


C41 


79.4 


79.0 


C42 


25.6 


25.6 


C42=CH3 


17.6 


17.5 
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(300 MHz in CDCL 3 , 5 in ppm). 



10 



15 



20 



25 



30 



35 



40 



n° PROTON 


LP2 


H34 


1.80 


H34 


2.15 


H35 


4.12 


H36 


4.12 


H37 


2.37 


H37 


1.92 


H39 


.2.22 


H39 


2.22 


H40 


3.93 


H41 


3.64 


H42 


229 


C42-CH3 


0.95 


H43 


1.55* 


H43 


1.33* 


H45 


1.49* 


H45 


1.52* 


H46 


2.18 


C46-CH3 


0.90 


H47 


3.23 


H48 


3.73 


H49 


2.12 


H49 


1.84 


H5Q 


3.52 


H51 


3.82 


H52 


2.90 


H52 


2.64 


H54 


2.73 


H54 


2.75 


H55 


3.64 


H55 


3.64 


C55-OCH3 


3.34 i 


* Assignments are tentative 



Isohomo 

1.81 

2.16 

4.12 

4.12 

2.37 

1.92 
.2.22 

122 

3.94 

3.64 
133 

0.95 

1.55* 

1J3* 

1.49* 

1.52* 

2.18 

0.90 

3.25 

3.75 

2.13 

1.84 

3.52 

3.82 

Z93 

2.62 

2.74 

2.74 

3.86 

3.86 



so 



55 
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TABLE 1. 'H^^OPHM^O^b^, 
<300MHzinCDa 3 .Sinrem). 



10 



15 



20 



25 



30 



35 



40 



45 



50 



n' PROTON Halt B 



H2 
H2 
H3 

H4 

H4 

H5 

H5 

H6 

H7 

H8 

H9 

H10 

Hll 

H12 

H13 

H13 

H15 

H15 

H16 

H16 

H17 

H18 

H18 

C19-CH2 

C19-CH2 

H20 

H21 

H21 

H22 

H22 

H23 

H24 

H24 

H25 

C25-CH3 

C26-CH2 

C26-CH2 

H27 

H28 

H28 

H29 

H30 

H31 

C31-CH3 

H32 

H33 



Minor 1 



55 



2.35 

2.60 

3.86 

1.75 

1.37 

1.35 

2.08 

4.34 

2.94 

4.33 

4.04 

4.20 

4.60 

4.68 

1.94 

2.15 

2.18 

1.62 

2.16 

1.42 

4.10 

2.25 

2.80 

4.98 

4.92 

4.37 

1.40 

1.88 

1.60 

1.60 

3.53 

1.04 

1.70 

2.20 

1.07 

4.81 

4.77 

3.54 

2.02 

1.94 

4.21 

4.63 

2.04 

0.99 

3.18 

3.80 



2.35 

2.60 

3.88 

1.75 

1.38 

1.41 

111 

4.33 

2.95 

4.33 

4.05 

4.20 

4.60 

4.69 

1.95 

2.17 

2.18* 

1.62* 

2.16* 

1.42» 

4.10 

2.27 

2.80 

5.00 

4.92 

4.39 

1.41 

1.90 

1.62 

1.62 

3.54 

1.04 

1.72 

2.23 

1.06 

4.80 

4.75 

3.53 

2.00 

1.95 

4.21 

4.66 

103 

1.00 

3.19 

3.81 
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25 



(following) TABLE 1 Immmo rm«r, ~ 

135.5) AND 

(300 MH 2 inCDa3.5inpL) 



w ST i?, 9 i-so 



H35 JJJ 2.13 

H36 tJJ 4.10 



H40 



H37 J*» 4.10 

1.92 

H39 ?'?} f?4 



H37 fg 2.33 

,5 . H39 i'S 19 ° 



2.24 2J4 

S3 J5 || 
Si 3 1 

H4R 3.61 3J2 

H49 I'?? 4 -W 

2.32 2.10 



30 H49 1.90 



H35 
« H55 

* Assignment] are tentative 



1.95 



"SS 4 ' 08 4.03 

H32 1.79 

35 H53 4.02 
H53 

H54 3.54 3 7D 

H54 3.61 ° 



3.43 
3.63 



50 



55 
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TABLE 2. 13 C NMR .DATA OF HALICHONDRIN B fMLl 135 « 
AND MINOR 1 (ML I 138.2) 33 3) 

(75 MHz in CDCI3. fi in ppm). 



n° CARBON Hali B 



10 



15 



20 



25 



30 



35 



40 



SO 



55 



CI 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

Cll 

C12 

C13 

C14 

CIS 

C16 

C17 

CIS 

C19 

C19-CH2 

C20 

C21- 

C22 

C23 

C24 

C25 

C25-CH3 
C26 

C26-CH2 

C27 

C28 

C29 

C30 

C31 

C31-CH3 

C32 

C33 

C34 

C35 

C36 

C37 

C38 

C39 

C40 

C41 

C42 

C42aCH3 



171.2 

40.4 

73.7 

30.7 

30.0 

68.2 

77.7 

74.3 

73.8 

76.3 

82.1 

81.1 

48.3 

110.1 

34.4 

28.2 

75.3 

38.7 

151.8 

104.5 

75.4 

29.5 

32.0 
74.9 
43.4 
35.9 

18.0 

151.6 

104.2 

73.3 

36.9 

71.2 

76.9 

36.6 

15.1 

77.5 

66.3 

29.1 

75.0 

76.2 

43.5 

1115 

42.7 

71.7 

79.0 

25.6 

17.6 



Minor 1 

171.2 

40.4 

73.7 

30.7 

30.0 

68.2 

77.7 

74.3 

73.8 

76.6 

82.1 

81.1 

48.3 

110.1 

34.4 

28.2 

75.3 

38.7 

151.8 

104.5 

75.4 - 

29.5 

32.0 

74.9 

43.4 

35.9 

18.0 

151.6 

104.2 

73.5 

36.9 

71.2 

77.2 

36.6 

13.1 

77.4 

66.3 

29.1 

75.1 

76.2 

43.5 

112J 

42.7 

71.6 

79.0 

25.5 

17.6 
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10 



15 



20 



(following) TABLE 2. Uc\Mn _ 

(MLl 135.5) 

^ 5MH *inCDCl3,5inp pm) . 

n 8 CARBON 



C43 
C44 
C4J 
C46 

C46-CH3 

C47 

C48 

C49 
C50 
C31 
C52 
C53 
C54 
C55 



HaliB 

36.6 

97.5 

36.9 

25.7 

17.8 

80.2 
71.7 
35.9 
79.8 
73.0 
37.2 
70.4 
66.9 



Minor I 



36.6 

97.4 

36.9 

25.5 

17.8 

79.4 

71.7 

32.0 

80.8 

72.6 

30.6 

31.0 

712 

67.0 



25 



35 



SO 



55 
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TABLE I. '«^^O^ch^ lijjs)AiVD 
OOOMH*i„CDa 3 .Si„p pm) . 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



n a PROTON HaJi B 



Minor 2 



HI 

H2 

H3 

H4 

H4 

H5 

H5 

H6 

H7 

H8 

H9 

H10 

Hll 

H12 

H13 

H13 

H15 

H15 

H16 

H16 

H17 

H18 

H18 

C19-CH2 

C19-CH2 

H20 

H21 

H21 

H22 

H22 

H23 

H24 

H24 

H23 

C25-CH3 

C26-CH2 

C26-CH2 

H27 

H28 

H28 

H29 

H30 

H31 

C31-CH3 

H32 

H33 



2.35 

2.60 

3.86 

1.75 

1.37 

1.35 

2.08 

4.34 

2.94 

4.33 

4.04 

4.20 

4.60 

4.68 

1.94 

115 

118 

1.62 

116 

1.42 

4.10 

126 

180 

4.98 

4.92 

4.37 

1.40 

1.88 

1.60 

1.60 

3.53 

1.04 

1.70 

2.20 

1.07 

4.81 

4.77 

3.54 

102 

1.94 

4.21 

4.63 

2.04 

0.99 

3.18 

3.80 



2.35 

2.62 

3.88 

1.74 

1.40 

1.38 

108 

4.33 

2.95 

4.33 

4.05 

4.20 

4.60 

4.69 

1.93 

2.15 

2.16* 

1.60* 

2.15* 

1.38* 

4.10 

124 

2.80 

5.00 

4.92 

4.39 

1.41 

1.88 

1.60 

1.60 

3.32 

1.04 

1.68 

2.20 

1.06 

4.82 

4.78 

3.53 

2.02 

1.95 

4.21 

4.66 

2.03 

1.00 

3.19 

3.81 
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10 



IS 



25 



30 



35 



40 



(following) TABLE 1. 



n° PROTON Hali B 



H34 
H34 
H35 
H36 
H37 
H37 
H39 
H39 
H40 
H41 
H42 

C42-CH3 

H43 

H43 

H45 

H45 

H46 

C46-CH3 

H47 

H47 

H48 

H49 

H49 

HSO 

H50 

H51 

H52 

H52 

H53 

H53 

H54 

H54 



1.79 

2.13 

4.10 

4.10 

2.35 

1.92 

2.24 

2.24 

4.00 

3.63 

2.23 

0.94 

1.52 

1.29 

1.50 

1.42 

2.35 

0.99 

3.61 

4.05 
2.32 
1.90 
4.08 

3.80 
1.62 
1.79 
4.02 

3.54 
3.61 



1hnm ^^s^t ndmnb {Mu n "' and 

(300 MHz in CDCI3. 5 in ppm). 

Minor 2 

1.76 
2.13 
4.10 
4.10 
2.35 
1.92 
2.18 
2.18 
4.18 
3.59 
2.21 
0.94 
1.48 
1.30 
1.88 
2.11 

1.35 
2.82 
1.50 
4.28 
4.01 

1.74 
1.84 
3.90 
3J6 

3.73 
3.73 



* Assignments are tentative 



45 



so 
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TABLE 2. l^C NMR DATA OF HALICHONDRIN B (ML I 135 5) 
AND MINOR *(ML1 200.5)- 
(75 MHz in CDU3. 5 in ppm). 



TO 



15 



20 



25 



30 



35 



40 



45 



50 





naii o 


Minor 


P1 


171.2 






40.4 


40.4 




73.7 


73.7 


1-4 


30.7 


30.7 


V- J 


30.0 


30.0 




£0 1 


68.2 


P7 


n i 

77.7 


77.7 




74.3 


74.3 


PC 


73.8 


73.8 


^ t n 

v^lu 


76.5 


76.6 


<~ 11 


82.1 


82.1 


1 z 


81.1 


81.1 


C13 


48.3 


48.3 


U 14 


1 10.1 


110.1 


PI * 

I— 1 J 


34.4 


34.4 


P1< 


ia.2 


is i 
28.2 


P17 
V-l / 


73.3 


75.5 


V- lO 


Jo.7 


35./ 


Liy 


151.8 




t-iy*LriZ 


104.3 


104.0 


pin 


1 C A 

15 A 


75.4 


1-21 


1A C 

29.5 


29.5 




32.0 


32.0 


\J2J 


74,9 


74.9 


C24 


A*\ A 

43.4 


ji ji 
43,4 




1< 0 






10.1/ 


is n 


C26 


Ui.U 


1JJ.U 


C26-CH2 


104 7 


101 & 


C27 


73 5 


73.5 
/ j*j 


C28 






C29 


71.2 


71,2 


C30 


76^9 


77.2 


C31 


3&6 


366 


C31-CH3 


15.1 


15.1 


C32 


77.5 


77.4 


C33 


66.3 


66.3 


C34 


29.1 


29.1 


as 


75.0 


75.1 


C36 


76.2 


7&2 


C37 


43.5 


43.5 


C38 


112.5 


112.5 


C39 


42.7 


42J 


C40 


71.7 


70.9 


C41 


79.0 


78.6 


C42 


25.6 


26.1 


C42=CH3 


17.6 


17.6 
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10 



15 



20 



(following) TABLE 2. 13 C NMR DATA OF HALICHONDRJN B (ML1 135 5) 
AND MINOR Z^MLl 200.5)* 
(75 MHz in CDCI3, 5 in ppm). 



n° CARBON 


HaliB 




C43 


36.6 




C44 


97.5 


96.4 


C45 


36.9 


52.4 


C46 


25.7 


80.2 


C46=CH3 


17.8 


25.5 


C47 


80.2 


36.8 


C48 


71.7 


75.9 


C49 


35.9 


81.7 


C50 


79.8 


35.0 


C51 


73.0 


71.6 


C52 


37.2 


73.6 


C53 


70.4 


65.0 


C54 


66.9 




C55 







* Chemical shifts from HMQC and KMBC experiments 



Claims 

30 1. Halichondrins of the formula: 



35 



40 



45 




in which R 1 and R 2 together represent a group of the formula: 

50 
55 
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FI6.1. 



Sponges 

Extracted withAq MeOH and CH^ 
Combined extracts evaporated in order 
ir ' OAA v " get a water solution. 

IC50 200-lo00ng/ml Combined Extracts 



Partition CH^Ay) and or EtOAc/^O 



r — 

IC50 50-200ng/ml CH^orEtOAc 



H 2 0 



Partition Aq MeOH(2:8)/Hexane 
or Heptane or Pet-ether 



* 

IC50 10-50ng/ml Aq MeOH 2:8 



1 

Hexane 



Reverse phase (C18) column 
IC50 1-20ng/ml 10% and 20% r^O/Me OH Fractions 



LH20gel permeation column 
CH 2 Cl 2 

IC50 0.1 -5ng/ml Active fractions 



Silica column 
0-15% MeOH 
in CH 2 Cl 2 



Halichondrins 



-Active fractions 

HPLC.C18 preparative column 
20% or 45% H 2 0/ACN 
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